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(54) SUBSTITUTED HETEROAROMATIC DERIVATIVES 

(57) This invention provides substituted heteroaronrwtic ring derivatives which are represented by a general fornrula 
[Q below: 
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pn the formula, R*" and nray be same or different and each signifies hydrog^i. halogen or lower alkyi; R^ sig- 
nifies Cz-Cs cydoalkyl or cyctoalkenyl; R^ signrfies ajieterparomatic ring group which may be condpp^ed yvith a ben- 
zene ring and which has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms 
(said heteroaromatic ring group being optionally substituted with lower alKyl. halogen, lower alKoxy. amino or 
hydroxymethyO; and X stands for O or NH] 
or their phannaceutically acceptable salts. 

The substituted heteroaromatic ring derivatives of the present invention have selective M3 muscarinic receptor 
antagonist activity, and hence they are useful as therapeutic or prophylactic agents which are safe and efficacious with 
little side effects, of respiratory diseases such as asthma, chronic ainway obstruction and pulmonary fibrosis, etc.; uri- 
nary diseases which induce such urination disorders as pollakiurea. urgency and urinary incontinence, etc.; and gas- 
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trointestinal diseases such as irritable bowel syndrome, spasm o< gastrointestinal tract and gastrointestinal 
hyperkinesis. 
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Description 
Technical Field 

5 This invention is useful in the field of drugs. More specifically, the novel sut)stituted heteroaromatic ring derivatives 
of the invention are useful as therapeutic or prophylactic agents of various diseases of the respiratory, urinary and gas- 
trointestinal systems. In particular, the compounds of the present invention do not affect other organs such as the brain 
and heart, although they exhibit potent bronchodilating and bladder contraction-suppressing actions. Hence they are 
useful as therapeutic or prophylactic agents of respiratory diseases such as asthma, chronic ainway obstruction and 

10 pulmonary fibrosis, etc.; urinary diseases which induce such urination disorders as pollakiurea, urgency and urinary 
incontinence, etc.; and gastrointestinal diseases such as in-itable bowel syndrome, spasm of gastrointestinal tract and 
gasfointestinal hyperkinesis. 

Background Art 

15 

Compounds having antagonism to muscarinic receptors are known to cause bronchodilation. gastroin-testinal 
hypanakinesis. gastric hyposecretion. dry moutii, mydriasis, suppression of bladder contraction, hypohidrosis. tachy- 
cardia and ttie like [cf. Settai nQ Kaoaku (biochemistry), V6I. 42. p. 381 (1991)]. 

There are three subtypes of nrxjscarinic receptors: receptors are present mainly in the brain. M2 receptors. 

20 mainly in tiie heart, and M3 receptors, on snfxxjth muscles and glandular tissues. While a large number of compounds 
having antagonism to muscarinic receptors becanro known to date, tiiose known compounds non-selectively antago- 
nize the three subtypes of muscarinic receptors. Hence, attempts to use these compounds as therapeutic or prophylac- 
tic agents for diseases of the respiratory system have caused undesirable side effects such as tachycardia, dry mouth, 
nausea and mydriasis. In particular, skie effects associated with the heart such as tachycardia induced by Mg receptors 

25 pose problems, and their improvement has been in stror^g demand. 

Disclosure of the invention 

We have conducted concentrative research work on compounds which exhibit antagonism selective for M3 mus- 
30 carinic receptors, and have discovered tiiat substituted heteroaromatic ring derivatives which are represented by for- 
nrujta [I] below: 



R2 



35 




pn the fomiula, and may be same or different and each signifies hydrogen, halogen or lower alkyl; sig- 
nifies C3-C6 cydoalkyl or cydoalkenyl; signifies a heteroaromatic ring grotp which may be condensed with benzene 
ring and v^ich has 1 or 2 hetero atoms selected from a grotp consisting of nit-ogen. oxygen and sulfur atoms (said het- 
45 eroaromatic ring group being optionally substituted with kiwer alkyl. halogen, tower alkoxy, amino or hydroxynDethyt); 
and X stands for O or NH] 

are novel conpounds never before described in literature and exhit»t antagonism selective for M3 muscariruc receptors; 
and that they are useful as safe and effective therapeutic or prophylactic agents exhibiting little side effects, of respira- 
tory diseases such as astiima, chronic airway obstruction and pulmonary fbrosis. etc., urinary diseases which indue 
so urination disorders such as pollakiurea. urgency and urinary incontinence, etc., and gastrointestinal diseases such as 
imtable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesia The present invention is thus 
completed. 

Accorttn^fS: Thefeforerthe present invention relartesr t(f the- substituted heteroaromafcnng derivacfives which are 
represented by the general formula [Q and their pharmaceutically acceptable salts: their production processes and tineir 
55 use. 

Definitions of terms used in this specification are esqptained hereinafter. 
Halogen denotes fluorine, chlorine, bromine and iodine atoms. 

Lower alkyl denotes Ci-Ce linear or branched alkyl groups, eg., methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t- 
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butyl, pentyi. isopentyl, hexyl and isohexyl. 

Examples of C3-C6 cycloalkyi include cyclopropyl. cyclobutyl. cyclopentyl and cydohexyl groups. 

Examples of C3-C6 cycloalkenyl Include cyclopropenyl, cyclobutenyl, cydopentenyl and cydohexenyl groups. 

Lower alkoxy denotes Ci-Ce linear or branched alkoxy groups, eg., methoxy. ethoxy, propoxy. Isopropoxy. butoxy. 
5 sec-butoxy t-butoxy, pentyloxy isopentyloxy. hexyloxyoxy and isohexyloxy groups, etc. 

Lower alkoxycarbonyl denotes C2-C7 linear or branched alkoxycarbonyl groups, eg., methoxycarbonyl. ethoxycar- 
bonyl propoxycarbonyl. isoprcpoxycarbonyl. butoxycarbonyl, sec-butoxycarbonyl, t-butoxycart)onyl, pentyioxycarbonyl, 
isopentyloxycarbonyt, hexyioxyoxycartwnyl and isohexylcarbonyl groups, etc. 

Aralkyloxycarbonyl denotes C7-C10 aralkytoxycartxjnyl groups, eg., benzytoxycarbonyt and phenetyloxycarbonyl 
TO groups, etc. 

Protected hydroxyl and amino signify hydroxyl and amino groups which are protected with conventionally used pro- 
tective groups such as acyl, etc. 

Also deprotection signifies removal of protective groups by the means conventionally used in the field of organic 
chemistry such as hydrolysis, hydro-genolysis and the like. 

15 A heteroaromatic ring group which may be condensed with a benzene ring and which has 1 or 2 hetero atoms 
selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic ring groiip being optionally 
substituted with lower alkyt, lower alkoxy. amino or hydroxymethyl) signifies, eg., 2i>yridyl. 3-pyridyl, 4-pyridyl, 2-thia- 
zolyl, 2-thienyl, 3-thienyl, 1 -imidazolyl, 2-imidazolyl. 3-imidazolyl, 4-imidazolyl, 3-pyrazolyl, 5-pyrazolyI, 2-furyl, 3-furyi. 
2-pyrrolyl, 3-pyrrotyl, 2-pyrimidinyl. 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl, 3-pyr»da2inyl, 4-pyrida2inyi, 2-quinolinyl, 2- 

20 benzothienyl and 2-indolyl groups: which are optionally substituted with lower alkyi, lower alkoxy, amino or hydroxyme- 
thyl group. 

For concretely explaining the present invention, furthermore, signlf k^ation of each of the symbols used in the gen- 
eral formula [Q below: 



25 



30 




35 and their prefen-ed examples are shewn in the following. 

and may be same or different and each signifies hydrogen, halogen or lower alkyI, where halogen signifies 
fluorine, chlorine, bromine or iodine atom; lower alkyl signifies CyCs linear or branched alkyi groups, for example, 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, pentyi, isopwityl. hexyl and isohexyl groups, etc. Of those, 
hydrogen is preferred as R^ and R^. 

40 R^ Signifies C3-C6 cycloalkyi or cydoalkenyi, wherein examples of C3-C6 cydoalkyi indude. for example, cyclopro- 
pyl. cydobutyl, cydopentyl and cydohexyl groups, and examples of C3-C6 cycloalkenyl indude. for example, cydcpro- 
penyi, cydobutenyl. cydopentenyl and cydohexenyl. Of those, a cydoalkyi group is preferred as R3, in particular, 
cydopentyl is prefened. 

R* signifies a heteroaromatic ring group which may be condensed with a benzene ring and which has 1 or 2 hetero 
45 atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic ring group being 
optionally substituted with lower alkyl. halogen, lower alkoxy. amino or hydroxymetiTyi), specific exanpies induding 2- 
pyridyi, S-pyrdyi. 4-pyridyi, 2-thia2olyl, 2-tWenyi. 3-thienyi, 1-imktazolyl, 2-imklazoiyl. 3-imidazolyi, 4-imidazolyl, 3-pyra- 
zolyl, S-pyrazoiyi, 2-furyl, 3-furyl. 2-pynt)iyi, 3-pyrrolyl. 2-pyrimidinyl, 4-pyrimkJinyl, 5i>yrinr»dinyi, 2-pyTazinyl. S-pyridazi- 
nyl, 4-pyridaziriyi, 2-quinolinyt, 2-benzothienyl and 2-indolyi groups: which are optionally substituted with tower alkyl. 
so halogen, lower alkoxy, amino or hydroxymethyi. Of those. 2-pyrWyl group substituted with tower alkyl, hatogen, amino 
or hydroxyl, in particular, lower all^-substituted 2-pyrklyi, inific alia 6-methyl-2iDyridyl group, is preferred. 
X stands for 0 or NH. NH being the preferred. 

The conrpounds of the* present invention indude optically atitive'cort^pounds, and their rademsrfes: ^ 
Phamnaceutically acceptable salts of compounds of the general formula [I] signify those customary ones which are 
55 phannaceutically acceptable. Examples of such acid addition salts indude inorganic add salts such as hydrochlorides, 
sulfates, nitrates, phosphates and perchlorates; organic add salts such as maleates. fumarates. tartrates, citrates and 
ascort>ates; sulfonic acid salts such as mettianesultonates, isethionates, benzenesulfonates and p-toluenesulfbnates; 
and the Oke. 
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Next, production processes of the compounds of the present invention are explained. 

Starting conpounds to be used in the present invention are readily available or can be prepared by purchasing 
marketed products or by processing known starting materials following methods disclosed in literature [cf. Bzeszotarski. 
et al. J. Mfid. Jaifim- Vol. 25. pp. 1103-1 106 (1982). etc.] 

Compounds of the general formula [I] can be prepared from starting conrpounds [III] following, for example, the 
reaction scheme illustrated below. 



10 
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[in the tornula. R\ R^. r3 and have the previously given significations: signifies a heteroaromatic ririg group 
which may be condensed with a benzerw ring and which has 1 or 2 hetero atoms selected from a group consisting of 
nitrogen, oxygen and sulfur atoms (said heteroaromatic ring group being optionally substituted with lower aikyi, halo- 
gen, lower alkoxy, amino, protected amino, hydroxymethyl, protected hydroxymettiyi, lower alkoxycarbonyl or aralky- 
loxycartKjnyl); P signifies a protective group of imino; P"* signifies hydrogen or a protective group of hydroxyl; L signifies 
a leaving group; and conversion of functioruil group signifies deprotection and/or reduction of kswer alkoxy carbortyl or 
aralkytoxycartDonyl group to hydroxymethyl or conversion to amino]. 

The carboxylic acids represented by the general formula [110 can be readily prepared following, for example. S. B. 
Kadin, et al/fi method U. Org. Chem .. Vol. 27, pp. 240-245 (1962)1. 

The condensation reaction fc>etween a carixxyllc add of the general formula (III) with a protected piperidine deriv- 
ative of the general formula [V] is conducted using generally approximately the equivalents of the reactants. If neces- 
sary, it is permissible to use either one of the reactants in excess. Again if necessary, the reactton can be conducted in 
the presence of a base. Ag c onfl ensjfy agenlg;'those gerreratty used in organic synthetic cfteiiihSliy aich-as. for e^am'* * 
pie, N.N'-dicyclohexylcartxxJiimide. 1-ethyl-3-(3-dimethylaminopropyl)cart)odiimide, diphenylphosphoryl azide. dipyri- 
dyWisulfide-triphenylphosphine. etc. are used. In particular. 1-elfTyl-3-(3-dimethylaminopropyl)cartx)diimide, etc. are 
preferred. 

Said condensatton reaction is preferably conducted using a solvent which is inert to the reaction. Examples of 
organic solvents useful for the occasion include diethyl ether, tetrahydrofuran. N,N<limethytfornwnide, dioxane, ben- 
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zene. toluene, chlorobenzene, methylene chloride, chloroform, carton tetrachloride, dichloroethane. trichloroethylene 
and mixtures thereof. In particular, tetrahydrofuran. N,N-dimethyttormamtde and dioxane. etc. are preferred. 

As tjases used when the occasions demand, for example, aromatic anrtines such as pyridine, 4-dimethyiaminopy- 
ridne, picoline. lutidine. qurnoline. isoquinoline. etc. can be named. In particular. 4-dimethylamlnopyridine is preferred. 
5 The reaction temperature usually ranges from •70**C to boiling point of the solvent used in the reaction, preferably 
between ■20<*C and 100X. 

The reaction time usually ranges from 5 minutes to 7 days, preferably between 10 minutes and 24 hours. 

The coupling reaction of a carboxylic acid of the general formula (III) with a protected piperidine derivative of the 
general formula [V] can be conducted also by first converting the carboxylic add expressed by the general formula [III] 
10 to a reactive derivative and then reacting the same with a protected piperidine derivative of the general formula [V]. As 
such reactive derivatives, tiiose generally used in organic synthetic chemistry such as mixed acid anhydrides, activated 
esters, eg., N-hydroxysucdnimide group, etc. and activated amides eg., imidazolyl group, etc. may be named. 

The reaction is generally conducted in an aprotonic solvent. Examples of useful sdvert include halogenated hydro- 
cartxms such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane, trichloroethylene. etc.; ethers 
15 such as etiTyl ether, tetrahydrofuran, dioxane, etc.; aromatic hydrocarbons such as benzene, toluene, chlorobenzene, 
xylene, etc.; aprotoriic polar solvents such as dimethylforrramide, acetonitrile, ethyl acetate, hexamethylphosphoric tii- 
amide, etc.; and their mixtures. 

The reaction tenperature usually ranges from -70'*C to boiling point of the solvent used in the reaction, preferably 
between -20*'C and lOO^C. 

20 The reaction time usually ranges from 5 minutes to 7 days, preferably between 1 0 minutes and 24 hours. 
For smooth progress, the above reaction may be conducted in the presence of a base. 

As the bases, for example, organic bases such as triethyiamine. N-elhykliisopropylamine, pyridine, 4-dimetfiylami- 
nopyridine, N,N<limethylaniline. 1.8-dia2abicydo[5.4.0]undec-7-ene (DBU) and 13-diazabicyclo(4.3.01non-5-ene 
(DBN). etc. may be named, in particular. 4-dimethylaminopyridine being prefenred 

25 The amount of use of the base ranges from one mole to a molar excess, preferably 1 to 5 moles, per mole of a reac- 
tive derivatives of a cart)oxytic acid of the general formula [III]. 

Mixed acid anhydrides of conrpounds of the general formula [III] can be obtained, for example, by reacting the com- 
pounds with an alkyl chlaocarbonate. e.g., ethyl chlorocarbonate, an aliphatic cartxjxylic add chloride, e.g.. acetyl cWo- 
ride. pivaloyi chloride or the like. 

30 Activated esters of conrpounds of the general formula [III] can be obtained by reacting a cartjoxylic add of fonnula 
[III] with an N-hydroxy compound, e.g., N-hydroxysuccinimide. N-hydroxyphthalinnide or 1-hydroxyt)enzotriazde; or a 
phend compound, e.g.. 4-nitrophenol, 2.4-dinitrophenol, 2,4.5-trichlorophenol, pentachlorcphenol or the like; in the 
presence of a condensing agent, e.g.. N.N'Kiicyclohexylcarbodiimide. 1-€thyl3-(3-dimethylaminopropyl)carbodiimide. 
diphenylphosphory! azide or dipyridyl disuH ide-trphenytphosphine. according to conventional method. 

35 Activated amides of corrpounds of tiie general formula [III] can be obtained by reacting a cartxjxylic add of fomujla 
[111] with l,r-carbonyldiimida2ole. 1.V-carbonylbis(2-methy!imida2ole) or the like according to conventional n^ethod. 

In particular, when X in the general fomiula [V] is 0, it is also possible to make a compound of the fonnula [VI) 
through an ordinary ester-exchange reaction between a lower alkyl ester of a caitxscylic add of the general fonmiia [111] 
and an alcohol of the general tomnula [V]. 

40 A lower alkyl ester of a compound of the general formula (liq is obtainable by accepted methods, eg., by reacting a 
cartxjxylic acid of the general formula [III] with an excess of lower alcohd in the presence of an acid catalyst or by using 
an esterification reagent such as diazomethane, trimethylsilyWiazomethane or the tike. 

The ester-exchange reaction between a lower alkyl ester of a compound of the general formula [III] and a com- 
pound of tiie general formula [VJ in which X is O is conducted fdlowing, eg., RzeszotarsW. et al.'s method [Jpgmal fif 

45 Medidnal Chennistn^. Vd. 25. 1103-1106 (1982)] or the like. 

Conpounds represented by the general fornrula [VIIIJ can be derived by renroval of imino-prolective groups in com- 
pounds of the general fonmula [VI]. Useful iminoisrotective groips indude aralkyi groups such as benzyl, p-metiioxy- 
benzyl, p-nitrobenzyl. benzhydryl and trityl; lower alkanoyi groips such as formyl. acetyl and propionyl; arylalkanoyl 
groups such as phenylacetyl and phenoxyacetyl; lower alkoxycarbonyl groups such as methoxycarbonyl. ethoxycarbo- 

50 nyl and t-butoxycarbonyi; alkenyloxycarbonyl groups such as 2-propenytoxycarbonyl; aralkytaxycarbonyl groups such 
as benzyloxycartx)nyi and p-nititjbenzyloxycarbonyl; and lower alkylsilyl groups such as trimethylsilyl and t-butyWimeth- 
ylsilyl. etc. In particular, t-butoxycart>onyl. benzyloxycartxjnyl and the like are preferred. 

DepttrtecJttonitrethob of immo-protective groups drffers^ depeneSrtg on theindndS: and is conducted by the means • 
following known method [d. Protective QcQUBfi ia Organic Synthesis. T.W. Greene. John Wiley & Sons Co. (1981)] or 

55 methods analogous thereto, for exanple. using add or base, or by redudng means such as reduction using a metal 
hydride conplex or catalytic hydrogenolysis. 

Deprotection using an add is generally conducted by treating the compound with an add such as formic add. trif- 
luoroacetic add, hydrochloric add or sulfurk; acid, in an inert solvent such as methylene chloride, anisole, tetrahydro- 
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f uran, dioxane. methanol or ethanol or a mixture of such a solvent with water, or in the absence of solvent, preferably at 
a terrperature in the range from 0** to lOCC, for a period of time ranging from 10 minutes to 24 hours. 

Deprotection using a base can generally be can-ied out by treating the compound with an alkali metal hydroxide, 
e.g., lithium hydroxide, sodium hydroxide or potassium hydroxide; an alkali metal cartx)nate, e.g.. sodium cartx>nate or 
5 potassium carbonate, in an inert solvent which exerts no adverse effect on the reaction, e.g., methanol, ethanol, isopro- 
panol. tetrahydrofuran or dioxane or a mixture of such a solvent with water, preferably at a tennperature in the range of 
from -20 to 80*C, for a period of lime ranging from 10 minutes to 24 hours. 

Catalytic hydrogenolysis can generally be can-ied out in the presence of a catalyst such as palladium-on-carbon, 
palladium hydroxide. Raney nickel or platinum oxide, in an inert solvent, e.g., methanol, ethanol, water or acetic acid or 
10 a mixture of such solvents, preferably under a pressure of hydrogen of 1 to 20 kg/cm^, preferably at a temperature in 
the range of from 0 to 40°C. for a period of time ranging from 10 minutes to 24 hours. 

Alkylation of a deprotected compound of the general formula [Villi with a conrpound of the general formula [Vll] is 
conducted through a reaction at a tenrperature between 0*»C and boiling point of the enployed solvent for 10 minutes 
to 48 hours, in the presence of 1-10 equivalents of an alkylation agent of the general formula [VII]; 1-10 equivalents, 
15 preferably 1-3 equivalents, of a base; and if necessary 0.1-10 equivalents, preferaWy 0.1-2 equivalents, of a reaction 
promoter; all the ratios being based on the deprotected body 

The reaction is usually conducted in an inert solvent. Examples of useful inert solvent include: ethers such as ethyl 
ether, tetrahydrofuran, dioxane and tine like; aromatic hydrocarbons such as benzene, toluene, cWorobenzene. xylene 
and the like; aprotonic polar solvents such as dimethyl sulfoxide, N,N-dimethytformamkJe, acetonitrile, hexametttylphos- 
20 phoric triamide and the like; and their mixtures. 

As exanpies of leaving groups, halogen atoms, trifluoroacetoxy group, mettianesulfonyloxy group, trrfluorometh- 
anesuifonytoxy group, p-toluenesulfonyloxy group, diphenoxyphosphoryloxy group and the like can be named. In par- 
ticular, halogen atoms and methanesulfonyloxy group are preferred. 

As the bases used for tiie reaction, for example, metal hydrides such as lithium hydride, sodium hydride, potassium 
25 hydride, etc.; metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium hydroxide, etc.; alkali metal 
bicartxsnates such as sodium hydrcgencartwnate, potassium hydrogencarlwnate. etc. ; alkali metal cart)onates such 
as sodium cartxjnate. potassium cartwnate. etc.; tertiary aliphatic amines such as trimethyfamine. ti-iethyiamine, N.N- 
diisopropylethylamine, N-methylmorpholine. N-metiiylpyrrolidine, N-methylpiperidine. N.N-dimethylaniline. 1,8-diazabi- 
cyclo[5.4.0)undec-7-ene (DBU), l,5-diazabicyclot4.3.0]non-5^n (DBN). etc.; and aromatic amines such as pyridine, 4- 
30 dimethylaminopyridine, piooline, lutidine, quinoline, isoquinoline. etc. may be named. In particular, N.lsi-diisopropylethyl- 
amine and tri^hylamine are preferred. 

As useful reaction promotors, alkali metal iodides such as lithium iodide, sodium iodide, potassium iodide, etc. can 
be named. In particular, potassium iodide is prefen^ed. 

Reductive alkylation of a deprotected compound of the general formula [VIII] with a compound of the general for- 
35 mula [IX] is generally conducted in an inert solvent which is not detrimental to the reaction. Examples of such inert sol- 
vent include alcohols such as methanol, ethanol. etc.; ettiers such as ethyl ether, tetrahydrofuran. dioxane, etc.; 
aromatic hydrocarbons such as benzene, toluene, etc.; and mixed solvents thereof. For instance, methanol, eltwwl, 
tetrahydrofuran and toluene are preferred. 

The reaction temperature usually ranges from -30'C to 200*0. preferably from 0**C to lOO'C. 
40 The reaction time usually ranges from 1 0 minutes to 7 days, preferably from 1 0 minutes to 24 hours. 

This reaction can be carried out under weakly acidic conditions which facilitate formation of Schiff.bases. Acids 
which can be used for that purpose include, for exarrple, p-toluenesulfbnic add, hydrochloric add. acetic add and trif- 
luoroacetic acid. 

The redudng reaction can be effected, for example, using a metal hydride complex such as sodium borohydride, 
45 sodium cyanoborohydride or lithium aluminum hydride, or by catalytic hydrogenation using a palladium-on-carbon cat- 
alyst, a Raney nickel catalyst or the like. Preferably, it is effected using a metal hydride complex such as sodium boro- 
hydride or sodium cyanoborohydrWe. Especially when the redudng reaction is carried out under weaMy acidic 
conditions which facilitate formation of Schiff bases, it is preferable to use sodium cyanoborohydride or the like which 
are relatively stable under the acidic concfition. 
so When a metal hydride complex is used as the redudng agent the amount of redudng agent used may usuafly 
range from 1 mole to a molar excess, preferably from 1 to 10 moles, per mole of the compound of fomruia [IXJ. 

The reaction of a compound of the general formula [HQ or a reactive derivative thereof with a compound of the gen- 
eral fDTTTia«rxi tStn b^ carried out in the manner simiterlD that between a conpdbnd^ abo» general formula [111] or 
a reactive derivative thereof with a conrpound of the general formula [V]. 
55 Moreover, when a compound formed upon condensation of a compound of the general fornwia [111] or a reactive 
derivative thereof with a compourxl of tiie general formula [X], or a compound formed upon condensation of a com- 
pound of the general formula [VllI] with a compound of tiie general formula [VIQ or [IX] contains a protective group of 
functional group and/or lower alkoxycartxnyl or aryioxycarbonyl, a suitable functional group conversion needs to be 
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conducted. Functional group conversion signifies removal of the protective group, reduction of the lower alkoxycart)onyl 
or aryloxycartwnyl group to hydroxymethyl or conversion to amino. 

For the deprotection. above-described deprotection conditions can be suitably selected, depending on kind of the 
protective group. Reduction of a lower alkoxycartjonyl or aryloxycarbonyl group to hydroxymethyl can be effected 
5 through reduction using UAIH4 or the like, and the conversion to amino can be effected through a reaction which is gen- 
erally referred to as Curtius reaction. 

Isolation and purification of the general formula [1] compounds which are obtained through above-described proc- 
esses can be effected by such usual separation methods as column chromatography, liquid chromatography or thin- 
layer chromatography, using silica gel, adsorbent resin or the like: solvent extraction or recrystallization and reprecipi- 
10 tation; performed either singly or in combination. 

While the compounds of the present invention and their intermediates have optical isomers, this invention encom- 
passes all of the optical isomers and their racenrates. 

When the compounds of the present invention and intermediates thereof are racemates. their optical resolution can 
be achieved by conventional nneans such as high-performance liquid chromatography using a chiral earner, or fractional 
15 crystallization of diaslereomeric salts tiiereof. 

The compounds of formula [I] obtained in the above-described manner may be converted into pharmaceuticalty 
acceptable salts tiiereof according to accepted practice. Conversely, such salts may also be converted into the corre- 
sponding free amines according to accepted practice. 

Hereinafter action of connpounds of the present inventton to inhibit binding to nnuscarinic receptors and their in vilja 
20 and in vivo antagonism to muscarinic receptors are described, to concretely indicate utility of the present invention. As 
the labelling ligand for muscarinic receptor. [^Hl-telenzepine was used and as that for Mg and M3 nu«carinic recep- 
tors. [^H]-N-methylscopolamine was used, and dissociation constants (KJ were calculated from concentration of each 
of the tested compounds to inhibit binding of the labelling ligand by 50% (IC50). 

25 Test on inhibition of binding to mus carinic receptors 

1 ) Making membrane preparations 

Male SD strain rats weighing each 250 g-350 g [Japan Charles River K.K.] were sacrificed and their cerebral corti- 
30 ces. hearts and lacrimal glands were extirpated. The isolated organs were honrK)genized witii Polyti-on (setting: 5) in an 
ice-cooled. 5-times diluted buffer solution (pH 7.4) containing 50 mM tris-hydrochioric acid. 5 mM magnesium chloride. 
1 mM ethylenediamine-tetraacetic add trisodium salt and 20% suCTOse, followed by 15 minutes* centrifuge at 3,000 x g 
and 4°C After filtering the supernatant through gauze doth, tiie filtrate was further subjected to an uttracentiifugation 
at 1 00.000 X g at 4''C for 45 minutes. The resultant precipitate was suspended in an ice-cooled buffer solution (pH 7.4, 
35 hereafter abbreviated as tris buffer) containing 50 mM tiis-hydrochloric add and 5 mM magnesium chloride. The sus- 
pension was subjected to an uttracentrifugation at 1 00, 000 x g at 4*'C for 45 minutes. The resultant predpitate was sus- 
pended cn tns buffer at a concentration of 50 mg/ml and kept at -80'*C untB the time of use. H was melted at the time of 
use in the binding inhibition tests. 

40 2) Tests on inhibrtion of M^ muscarinic receptor binding 

These tests were performed according to a nwdification of the method of Hargreaves et al. J. Pharm^gpl. 107: 
pp. 494-501. 1992). Namely, a cerebral cortex membrane preparation, 1 nM [^HJ-telenzepine ([^HJ-Telenzepine, 85 
Ci/mmol. New England Nudear) and a test compound were incubated in 0.5 ml of tris buffer at room temperature (about 

45 20-25*'C) for 1 20 minutes. Into tiie incubated system, 0.5 ml of ice-cooled ti-is buffer was added and suction-filtered with 
a glass filter (Packard Unifiher Plate GF/C). The filter was washed 4 times each with 1 ml of ice-cooled tins buffer. After 
drying the f iter at SO'C for an hour, a sdntillator (Microscinti O: Packard Instrument Co., Inc.) was added and the radi- 
' oactivity of the [^HJ-telenzepine which was adsorted onto the filter was measured wrth a microplate scintillation counter 
(Top Count: Packard Instrument Co.. Inc.), Non-specific binding of (^HJ-telenzepine to the receptors was deternninod 

so under addition of 10 nM pirenz^ine. Binding affinity of conrpounds of the present invention to mi^carinic receptor 
was deterrrined following the method of Cheng and Prussoff (Bigghgrp. Pharmgwrf. 22: 3099-3108. 1973). ie., the dis- 
sodation constant (Kj) was calculated from the concentration (IC50) of each test connpound which achieved 50% inhibi- 
tion of binding of ^Ml-tSenzepine. the labelling ligand usifed: V ' 

55 3) Test on inhibition of M2 muscarinic receptor binding 

The test was conducted in the manner similar to above 2) M, muscarinic receptor binding inhibition test except that 
the ment)rane preparations of the heart were used as the test spedmens and 0.2 nM (^HJ-N-methylscopolamine ([^H]- 
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N-Methylscopolamine. 84 Ci/mmol, New England Nuclear) was used as the labelling ligand. Non-specific binding of 
[2H]-N-methylscopolamine to the receptors was deterniined under addition of 1 jiM N-meth>isoopolamine. 

4) Test on inhibition of M3 muscarinic receptor binding 

The test was conducted in the manner similar to above 2) Mi muscarinic receptor birxiing inhibition test, except that 
the membrane preparations of the lacrimal glands were used as the test specimens and 0.02 nM [^Hl-N-methylscopo- 
lamine was used as the labelling ligand. Non-specific binding of (^H]-N-methylscopoiannine to the receptor was deter- 
mined under addition of 1 jiM N-methy (scopolamine. 



TABLE 1 



Inhibitory Effects on Binding to Muscarinic M^, M2 and M3 Receptors 




Ki(nM) 


MWM3 


M2/M3 




Ml 


M2 


M3 






Conpound of Example 1 


12 


1100 


2.9 


4.3 


380 


Compound of Exanrple 9 


29 


1300 


9.4 


3.1 


140 


Compound of Example 10 


16 


1300 


7.6 


2.1 


170 


Compound of Example 1 1 


11 


730 


8.8 


1.3 


83 



25 As indicated in the above Table, the compounds of the present invention exhibited more potent antagonism to M3 
muscarinic receptor, than that to and Mg muscarinic receptors. 

Test-1 for antagonism to nruscarinic receptors (in vitro) 

30 1 ) Test for antagonism to M^ receptor in an isolated rabbit vas deferens 

This test was conducted following the method of Eltze. et al. fEurooean Journal of PharmacoiOQv. Vol. 1 51 . pp. 205- 
221]. Male Japanese White rabbits (each weighing about 3 kg) were sacrificed by exsanguination from arteria fenrwralis 
under anesthetization with pentobarbital, and the vas deferens were isolated. As the vas deferens preparation, the part 

35 close to the prostate gland (1 cm in length) was used. The preparation was tsometrically suspended in the direction of 
long axis in a Magnus tube filled with 20 ml of Krebs-Henseleit solution [gassed with 95% 02-5% CO2 and kept at 31 **C, 
containing 1 ^iM yohimbine (02 antagonist)] at an initial tension of 1 .0 g and a resting tension off 0.75 g. The tension in 
each preparation was isometrically recorded. After 30 minutes' equilibration, contraction of the preparation under elec- 
tric stimulation (0.5 ms, 30 V) using a bipolar electrode was caused at every 20 seconds. After the contraction caused 

40 by the electric stimulation became stable, contraction-inhibitory response caused by McN A-343 (2.5 x 10'^. an M^- 
selective agonist) was observed three times (conditioning response). Wtohing the preparation with a fresh solution to 
recover it from the contractk)n. McN A-343 (10"'-10*^M) was cumulatively administered thereto from a low concentra- 
tion to three-fold inaeased dose, until the maximum response was obtained to obtain a control dose-response curve. 
The preparation was again washed with the fresh solution and recovered from the contractioa and thereafter treated 

45 with a test conpound. Ten minutes after the treatment again McN A-343 was cumulatively administered to the prepa- 
ration. The response to McN A-343 was expressed based on the extent of contraction before the administration of McN 
A-343. vtrtnich was set to be 100%. The antagonistic potency (Kb value) of the test compound was determined from the 
degree of shift in the dose-response curve caused by the treatntent with the test comppund. 

so 2) Test for antagonis to M2 receptor in isolated rat right atrium 

This test was conducted following the method of Wess. et al. [British Journal of Pharmacology. Vol. 102. pp. 246- 
250]. Maie^D fitrain'rats t*eig*g'200-300"1g) were sacrificed by exsanguination ttndlihe riflhl atrium was'feolaft* 
Each preparation was isometrically suspended in a Magnus tube filled with 20 ml of Krebs-Henseleit solution (gassed 
55 with 95% 02-5% COj, at 32'C) at an initial tension of 0.5 g. The heart rate was recorded with a heart rate counter. After 
the preparation was equilibrated for 30 minutes, cartjachol (10'® to 10"^M) was cumulatively administered from a low 
concentration to three-fold increased doses. Thus, a deaease in heart rate was measured to obtain a control dose- 
response curve. After the preparation was washed with fresh solution to recover the heart rate, a test compound was 
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administered thereto. Ten minutes later, carbachol was cumulatively administered again. CartDachol-induced responses 
were expressed as percentages based on the heart rate before administration of cartwchol as 100%. The antagonistic 
potency (Kb value) of the test compound was determined from the degree of shift of the dose-response curve resulted 
from the treatment with individual test compound of the present invention. 

3) Test for antagonism to the ainway M3 receptor in an isolated rat trachea 

This test was conducted following the method of Berge. et al. [European Jo umal of Pharmacology. Vol. 233. pp. 
279-284]. Male SD strain rats (200-300 g) were sacrificed by exsanguination and the trachea was isolated. Ring seg- 
ments (2 mm wide) were cut out from the trachea and cut transversely at the anterior cartilage part to make open ring 
preparations. Each preparation was suspended in a Magnus tube filled with 5 ml of Krebs-Henseleit solution (gassed 
with 95% 03-5% CO2, at 37°C) at an initial tension of 1 .0 g and a resting tension of 0.6 g. The tension of the preparation 
was recorded isometrically. After being equilibrated for an hour, the preparation was made to contract twice by treat- 
ment with 10*'*M cartMChoI. and the second contraction induced by cartjachol was used as the reference contraction. 
After the preparation was washed with fresh solution to be recovered to the base line, a test compound was adminis- 
tered thereto (or no treatment was given). Ten nrinutes later, carbachol (10'® to IQ-^M) was cumulatively administered 
in three-fold increased doses to obtain a dose-response curve. The dose-response curve was plotted by expressing 
responses as percentages based on tiie reference contraction of the preparation as 100%. The antagonistic potency 
(Kb value) of the test compound was determined from the degree of shift of the dose-response curve obtained by treat- 
ment with the test compound. 

4) Test for antagonism to the intestinal tract M3 receptor in isolated rat ileum 

Male SD strain rats (200-300 g) were saaificed by exsanguination. and the ileum was isolated and formed into 2 
cm-long preparations. Each preparation was suspended in a Magnus tutie filled with 20 mi of Krebs-Henseleit solution 
(gassed with 95% 02*5% CO2 at 30"*C) with a load of 0.5 g. Tension in the preparation was isotonically recorded. After 
an hour's equilibration, the preparation was cortracted twice with 10"®M cart>achol. the second contraction being 
recorded as the reference contraction. After the preparation was washed with fresh solution and recovered to the base 
line, a test conrpounds was administered thereto (or no treatment was given). Ten ntinutes later. cart>achol (10"® to 10" 
^M) was cumulatively administered to the preparation from at a low concentration to three-fold increased dose to obtain 
a dose-response curve. The dose-response curve was plotted by expressing responses as percentages based on the 
reference contraction of the preparation which was set to be 100%, The antagonistic potency (Kg value) of the test com- 
pound was determined from the degree of shift in the dose-response curve resulted from the treatment with the test 
compound. 

5) Test for antagonism to the bladder M3 receptor in isolated rat urinary bladder 

This test was conducted following the method of Naonha-Blob. et al. [Journal gf Phynr^gQlggigal Experimental 
Therapeutics. Vol. 256, pp. 562-567). Male SD strain rats (200-300 g) were sacrificed by exsanguination and the urinary 
bladder was isolated. The bladders were cut into four longitudinal unfold sections, to form atxxjt 10 mm-long prepara- 
tions. Each preparation was suspended in a Magnus tube filled with 5 ml of Krebs-Henseleit solution (gassed with 95% 
©2-5% CO2 at 32'C) at an irntial tension of 0.5 g. The tension in the preparation was isomefrically recorded. After an 
hour's equilibration, the preparation was contracted twice with 10'^M cart)achol. the second cortraction being recorded 
as the reference contraction. After the preparation was washed with fresh solution and recovered to the base line, a test 
compound was administered ttiereto (or no treatment was given). Ten minutes later, cart3achol (10** to 10*^M) was 
cumulatively administered to the preparation from at a low concentration to three-fold inaeased dose to obtain a dose- 
response curve. The dose-response curve was plotted by expressing responses as percentages based on the refer- 
ence contraction of the preparation which was set to be 100%. The antagonistic potency (Kb value) of the test com- 
pound was determined from the degree of shift in the dose-response cun^e resulted from the treatment with the test 
compound. 
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TABLE 2 





Antagonism to Muscarinic Receptors (In vitro) 


c 






Kb 


(nM) 






Selectivity (multiplication) 






vas deferens Mi 


right atrium 


airway M3 


ileus M3 


bladder M3 




M2/M3 




Conrpound 












14'1 


250"" 


10 


of Example 1 


63 


1100 


4.4 


70 


3.6 


18-2 


310'2 



'1 : vas deferens a right atrium Mg / airway M3 
*2: vas deferens a right atrium M2 / btadder M3 



15 As indicated above, the compound of the present invention exhibited antagonism to muscarinic receptors of vas 
deferens atrium Mg, airvvay M3, ileus M3 and bladder M3; in particular, exhibited potent antagonism to ainway M3 
and bladder M3 receptors. Moreover, the action was more selective for the ainfvay and bladder M3 receptas. That is, the 
compound of the present invention is a compound more selective for airway M3 and bladder M3 receptors. 

20 Test 2 for antagonism to muscarinic receptors fin vivp) 

1) Test tor airway resistance enhancement in rats 

Eight- to eleven-weeks-okJ Sprague-Dawiey strain rats (300-400 g) were anesthetized with urethane (750 mg/kg. 

25 i.p.) and a-chloralose (37.5 mg/kg, i.p,) The bronchus of each rat was intubated, and the right jugular vein was cannu- 
lated for drug administration. After spontaneous respiration was completely suppressed with succinylcholine (5 mg/kg. 
S.C.). the ainway resistance was measured under artificial ventilation by means of a Pulmonary Mechanics Model 6 
(Buxco). After stable ainway resistance increase induced by intravenous administration of acetylcholine (50 ^g/kg) was 
observed, a test compound was administered intravenously. After 5 minutes, once again the ainvay resistance inaease 

30 was induced with acetylcholine. The inhibition ratio of the tested compourtd on the ainway resistance inaease before 
administration of the test compound was calculated, and the dose of the test oompound which inhibited the ainway 
resistance obtained before the drug administration by 50% was recorded as IO50 value. 

2) Test on rat bradycardia 

35 

Eight- to eleven-weeks-old Sprague-Dawiey strain rats (300-400 g) were anesthetized by intraperitoneal injection 
of urethane (750 mg/kg) and a-chloralose (37.5 iDg/kg), and their right carotid artery, left juglar vein and ainway of the 
rat were cannulated. After the spontaneous respiration was corrpletely suppressed with succinytchotlne (5 mg/kg. s.c), 
their heart rates were measured under artificial ventilatioa After stable bradycardia induced by intravenous administra- 
40 tion of acetylcholine (10 ^ig/kg) was observed, a test compound was intravenously administered. Five minutes later, 
bradycardia was irxluced once again with acetylcholine administration. The jnhi3ition ratio to the bradycardia obtained 
before the administration of the test compound was calculated, and the dose of the test compound which inhibited the 
bradycardia obtained before the drug administration by 50% was recorded as ID50 value. 



TABLE 3 



Antagonism to Muscarinic Receptors (in vivo) 




airway constriction ID50 
(mg/kg i.v.) 


bradycardia ID50 (mg/kg 
iv) 


Compound of Example 1 


0.037 


>3 


..atooipine 




0.0037, - 


ipratropium 


0.0015 


0.0018 



As above-indicated, the compound of the present invention exhibited potent bronchodilation. arxj was selective 
over bradycardiac response in which Mg oujscarinic receptor partk:pates and which is associated with such side- 
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effects as tachycardia of conventional cholinolytic agents. Whereas, atropine and ipratropium, the control conpounds. 
exhibited potent activities in both cases and their actions were non-selective. 

Those compounds which are represented by the general formula [I] can be administered to patients orally or 
parenterally. and can be used as therapeutic or prophylactic agents of asthma, chronic airway obstruction and pulmo- 
nary fibrosis, etc.: urination disorders as pollakiurea, urgency and urinary incontinence, etc.; and gastrointestinal dis- 
eases such as irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis ipon 
formulating them into preparation forms suitable for respective administration routes. In clinical use of compounds of the 
present invention, it is also permissible to incorporate pharmaceutically acceptable adjuvants and formulate the prepa- 
rations into the forms suitable for intended administration. As the adjuvants to be used in such occasions, those com- 
monly used in the filed of pharmaceutics can be used, examples of which indude: gelatin, lactose, sucrose, titanium 
oxide, starch, crystalline cellulose, hydroxypropylmethylcellulose. cartx)xymethylccliulose, com starch, microcrystalline 
wax. white petrolatum, magnesium aluminate metasilicate, anhydrous calcium phosphate, citric acid, trisodium citrate, 
hydroxypropyl cellulose, sorbitol, sortjitan fatty acid ester. polysort>ate. sucrose fatty acid ester, pdyoxyethylene. hard- 
ened castor oil. polyvinylpyrrolidone, magnesium stearate. light silicic anhydride, taic, vegetable oil. benzyl alcohol, gum 
arabic, propylene glycol, polyalkylene glycol, cyclodexlrin and hydroxypropylcydodextrin. 

The dosage forms of pharmaceutical compositions prepared as mixtures with these adjuvants indude solid prepa- 
rations such as tablets, capsules, granules, powders and suppositories: liquid preparations such as syrups, elixirs and 
injections; and the like. These preparations may be formulated according to conventional techniques well-known in the 
field of pharmaceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other suitable 
media immediately prior to use. In particular, injections may be in the form of a solution or suspension in physiological 
saline solution or a glucose solution. H desired, such injections may contain buffer agents and/or preservatives. 

In these pharmaceutical compositions, a compound in accordance with the present invention nr«y be present at a 
ratio of from 1.0 to 100% by weight, preferably 1.0 to 60% by weight, based on the total weight of the composition. 
These pharmaceutical compositions may additionally contain other therapeutically effective compounds. 

When the conpounds of the present invention are used as bronchodilators. their dosage level and dosage sched- 
ule may vary according to sex. age and body weight of individual patient, severity of synrptonis. type and range of 
desired therapeutic activity, and the like. Generally for oral administration, they are preferably administered in a daily 
dose of 0. 1 to 1 00 mg/kg for adults and this daily dose may be given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a daily dose of 0.001 to 10 mg/kg for adults and this daily dose may 
be given at a time or in several divided doses. 

Hereinafter the present invention is mae specifically explained with reference to working exarrples, it being under- 
stood that the examples are in no way limitative of the scope of the invention. 



f2RVN-ri-(6-methvl-2-DYridvlmethvnDiDeridin-4-vll-2-cv clooentvi-2-hvdroxv-2H3henvl^^^ dihydrpchioride 



MA) Svnthesis of f2R)-g-cvclQnentvl.2-hvd rnxy-g-phenvlac6tic acid bv optical resolution 

Into a solution of 23.5 g of phenylglyoxylic acid ethyl ester in 200 ml of tetrahydrofuran. a diethyl ether solution of 
cydopentyl magnesium chloride was added dropwise under ice cooling, followed by 30 minutes' stining at the same 
temperature. Saturated aqueous ammonium chloride solution was added to the reaction mixture, and the reaction prod- 
uct was extracted with ethyl acetate, washed with saturated saline solution, and dried over anhydrous magnesium sul- 
fate. Distilling the solvent off, the residue was purified by silica gel column chromatography (hexane/ethyl acetate o 30/1 



Exannple 1 



Structura I 
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to 20/1). Thus 11 g of 2-cyclopentyl-2-hydroxy-2-phenylacetic acid ethyl ester was obtained, which was dissolved in 40 
ml of methanol. To the solution 20 ml of 4N sodium hydroxide solution was added at room temperature, followed by 2 
hours' stirring at the same tenperature. and 1 hour's stirring at 50<*C. Distilling the methanol off under reduced pressure, 
the aqueous layer was rendered weaWy acidic with 4N hydrochloric acid and then extracted with ethyl acetate. The 

£ extract was washed with saturated saline solution, dried over anhydrous sodium sulfate and removed of the solvent by 
distillation. The resulting solid was washed with diethyl ether/hexane = 1/1 , and 8.7 g of 2-cyclopentyl-2-hydroxy-2-phe- 
nylacetic acid was obtained, which was dissolved, together with 1 1 .6 g of cinchonidine, in 1 .5 liters of toluene under 
heating, and the solution was cooled off to room temperature consuming about 4 hours. The wrtte needles whereby 
precipitated were once again dissolved in 900 ml of toluene and cooled off to room temperature consuming about 4 

w hours. Recovering the precipitated white, acicular crystals by filtration, 8.0 g of (2R)-2-cyclopentyl-2-hydroxy-2-pheny- 
lacetic acid cinchonidine salt was obtained. The salt was dissolved in a mixture of diethyl ether and IN hydrochloric 
acid, and the organic layer was washed with water and then with saturated saline solution, and dried over anhydrous 
magnesium sulfate. Distilling the solvent off under reduced pressure, 3.0 g of the title compound was obtained as a 
white solid. 

IS 

(1B) Production of f2RV2 -cvciQnentvi-2-hvdroxv2-Dhenvlacetic acid bv asymmetric synthesis 

To a solution of 293 mg of (2S,5S)-2-(t-butyl)-5-phenyl-1,3^oxolan-4-one. which had been synthesized following 
the method of D. Seebach. et al. petrahedron. Vol. 40, pp. 1313-1324 (1984)], in 10 ml of tetrahydrofuran. 1.0 ml of a 

20 hexane solution of 1 .5 M lithium diisopropylamide was added dropwise at -78<»C. followed by 30 minutes' stirring, addi- 
tion of 0.15 ml of cyclopentanone. 1 hour's stirring at the same temperature and then addition of a solution of 510 mg 
of N-phenyttrrfluoromethan©sulfonimide in 5 ml of tetrahydrofuran. The reaction mixture was stirred overnight while 
being restored to room temperature. The resultant reaction mixture was poured into saturated aqueous ammonium 
chloride solution and extracted with ethyl acetate. The extract was washed with saturated safine solution, dried over 

25 anhydrous magnesium suHate and removed of the solvent by reduced pressure distillation. The residue was purified by 
silica gel column chromatography (hexane/ethyl acetate « 40/1). and 361 mg of an yellow oily substance was obtained, 
1 13 mg of which was dissolved in 4 ml of methanol. To the solution 45 n^g of sodium acetate and 15 n)g of 10% palla- 
dium-on-cartx)n were added and stirred for 6 hours in a hydrogen atmosphere at normal pressure and room tenpera- 
ture. The reaction mixture was filtered through celite pad and rerrxsved of the solvent by reduced pressure distillation. 

30 To the residue etiiyl acetate and saturated aqueous sodium hydrogencarbonate solution were added. The organic layer 
was separated, washed with saturated saline solution, dried over anhydrous magnesium sulfate and renxwed of the sol- 
vent by reduced pressure distillation. The residue was purified by preparative thin layer chrorratography (Kieselgel"' 
6OF254. Art 5744: Merck, hexane/ethyl acetate «= 19/1) to give 63 mg of a colorless oily substance. This product was 
dissolved in 1 ml of methanol, added with 1 ml of 1 N sodium hydroxide solution and stin'ed for 3 hours at 60**C. Distilling 

35 the methanol off under reduced pressure, the remaining reaction mixture was washed with dietiiyl ether, made acidic 
with 1 N hydrochloric add and extracted with chloroform. The organic layer was washed with saturated saline solution, 
dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure distiliation, to give 46 mg of 
the title compound as a white solid. 

40 (2) Synthesis of 4-t-butoxvcar ttQnvlaminQ-1-f6-methvl-2-DvridvlmethvnDineridine 

In 15 ml of dichloroethane. 315 mg of 4-t-butoxycart)onylaminopiperidine, 320 mg of 6-methyl-2-pyridinecarbaWe- 
hyde and 100 mg of acetic acid were dissolved. To the solution 575 mg of sodium triacetoxyborohydride was added at 
room terrperature, followed by an hour's stimng at the same terrperature. The reaction mixture was poured into satu- 
45 rated aqueous sodium hydrogencartx)nate solution and extracted with chloroform. The extract was dried over anhy- 
drous magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified by silica 
gel column chromatography (chloroform/methanol « 100/1 to 50/1), to give 540 mg of the titie conrpound as a whrte 
solid. 

so (3) Synthesis of 4-amino-1-f6HTiethvl-2H3vridvlmethvl ^-pipefidine trihvdrochloride 

In 20 ml of mettianol, 540 mg of 4-t-butoxycarbonylamino-l-(6-methyl-2-pyridylmethyl)piperidine was dissolved, 
andiD thfesolWon 10 ml of 10% hydrogen chloride in methanol was -added atroom tenrperature. feltowedtv 12 houis*^ • 
stining at the same temperature. Thereafter the solvent was distilled off under reduced pressure to give 530 rrg of the 
55 title conpound as a white solid. 
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(4) Synthesis of f 2R^N-f 1 •f6-methvl-2-pyridN^methvn pi[^ridin-4-vll-g-cvcloDenNI-2-hvdro)o/-2^^ 

To a solution of 11 0 mg of {2R)-2-cyclopentyl-2-hydroxy-2-phenylacetic add. which had been obtained in Step (1 A), 
in 8 ml of N.N-dimethylformamtde, 95 mg of 1 .1 -carbonyldiimidazoie was added at room temperature, and stirred for an 

5 hour at the same temperature. To the reaction mixture, further 180 mg of 4-anraiK)0-(6HTiethyl-2i)yridytmethy^^ 

ine trihydrochloride as obtained in Step (3), 0.75 ml of triethylamine and 7,5 mg of 4-dimethytamBnopyridine were added 
and stin-ed for 16 hours. The reaction mixture was poured into saturated aqueous solution of sodium hydrogencar- 
bonate and extracted with diethyl ether. The extract was sequentially washed with water and saturated saline solution, 
dried over anhydrous magnesium sulfate and removed of the solvent by reduced pressure distillation. The re^e was 

10 purified by silica gel column chromatography (chloroform/methanol = 50/1) to give 172 mg of the title compound as a 
white solid. 

FAB-MS(m/e. (C25H33N3O2+H)*): 408 

1H-NMR(CDCI3) 6: 1 .1 1-1.28 (1H, m). 1,36-1.90 (11 H. m). 2.12-2.27 (2H. m). 2.53 (3H. s), 2.68-2.80 (2H. m)2.95- 
15 3.09 (1H, m), 3.16 (1H, brs). 3.59 (2H, s), 3.65-3.80 (1H, m),6.32 (1H. brd. J=8.1H2). 7.01 (IH.brd. J=7.3Hz). 7.19 
(1H. brd, J=7.6Hz). 7.22-7.36 (3H, m), 7.48-7.63 (3H, m) 

(5) Synthesis of (2RVN-ri-f6-methvl-2-Dvridvimethvn-DiDeridin-4-vn-2-cvdoDemvl-2'hvdroxv-2-oh envlacetam^^ drhv- 
drochloride 

20 

172 Milligrams of (2R)-N-{1-(6-methyl-2-pyridyimethyl)piperidin-4-yl]-2-cydopenty>-2-hydro^ 
as obtained in Step (4) was dissolved in ethanol. To the solution 4N hydrogen chloride/ethyl acetate was added at room 
temperature and concentrated under reduced pressure. The residue was dissolved in a small amount of ethanol and 
solidified by addition of diethyl ether. The solid was recovered by filtration and dried under reduced pressure to give 145 
25 mg of the titie compound as a white solid. 

^H-Nf^RCCDQa) 6: 1.07-1.70 (8H. m). 1.81-2.08 (4H. m). 2.73 (3K s). 3.01-3.34 (3H. m). 3.48-3.66 (2H. m). 3.84- 
3.98 (1H. m). 4.57 (2H. s), 7.18-7.34 (3H. m), 7.58-7.65 (2H. m). 7.68 (1H. brd. J=7.9H2). 7.72 (1 H. brd. J=7.9Hz). 
8.16(lH.t J=7.9Hz) 

30 

Example 2 

N41-f4-methvl-2-Dvridylmethvl)DiDeridin -4-vn-2-cvdopentvl-2-hvdraxv-2H)henY^ 
35 (1) Synthesis of N-n-t-butoxvcarbonvlDiDeri din-4-vn-2*cvdopentvl-2-hvdroxv-2-Dhenvtacetamide 

Structura I formula 



40 



45 




To a solution of 716 mg of 2-cydopentyl-2-hydraxy-2-phenylacetic acid as obtained in Step (1 A) of Example 1 in 5 
ml of N.N-dimethylfomr«mide, 540 mg of 1,1-cartx>nyldiimidazole was added at room temperature, and stirred for an 
hour at the fewne temperature. Further 846 rrig or4'*anrrino-1 -t-butoxycartxsnyipiperidinfe tljdrochloride ar^l 1 ml <fiis6^ * 
propylethytamine were added, followed by 16 hours' stirring. The reaction mixture was poured into water and extracted 
55 with diettvl ether. The exbBCt was sequentially washed witii water and saturated saline solution, dried ever anhydrous 
magnesium sulfate and removed of the solvent by reduced pressure distillation. The residue was purified by silica gel 
colunrtn chromatography (hexane/ethyl acetate = 4/1 to 1/1) to give 752 mg of the titie compound as a white solid. 
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(?) R ^hesis of N-fpiDe ridin-4-vn- 2-cvclODerrtvl-2-hvdroxv-2-ohenvlacetamicle 

752 Milligrams of N-(1-t-butoxycart>onylpiperidin-4-yl)- 2-cyclopentyl-2-hydroxy-2iDhenylacetamide was dissolved 
in 7 ml of 4N hydrogen chtoride-dioxane solution, and stirred for 12 hours at room temperature. The reaction mixture 
5 was made weakly basic with 1 N sodium hydroxide solution and extracted with diethyl ether. The extract was washed 
with saturated saline solution, dried over anhydrous magnesium sulfate and removed of the solvent by reduced pres- 
sure distillation to give 420 mg of the title conrpound as a white solid. 

RvnthPfiiR of N-riW4-methyl-2-DvridYlmgthvl)piDeridin -4-vn-2^vcloDentvl-2-hvdroxv-2-phenYlacetamide 

10 

75 Milligrams of 4-methyl-2-pyridinecarbaldehyde, 58.3 mg of N-{piperldin-4-yl)-2-cyclopentyl-2-hydroxy-2-pheny- 
lacetamide and 12 mg of acetic add were dissolved in 10 ml of dichloroethane. To the solution 68 mg of sodium triac- 
etoxytxxohydride was added at room temperature, followed by an hour's stirring at the same temperature. The reaction 
mixture was poured into saturated aqueous sodium hydrogencarbonate solution, extracted with chloroform, dried over 
75 anhydrous magnesium suHate and removed of the solvent by reduced pressure distillation. The residue was purified by 
preparative thin layer chromatography [Kieselgel'" 6OF254 Art 5744 (l^erck). chlorofornVmethanol = 9/1] to give 49.5 mg 
of the title compound as a white solid. 

FAB-MS (rtVe. (CssHaaNaOz+H)*): 408 
20 iH-NMR(CDCl3) 6: 1.12-1.30 (1H, m). 1.37-1.74 (9H. m), 1.75-1.90 (2H. m). 2.12-2.26 (2H. m). 2.33 (3H, s), 2.69- 
2.80 (2H, m). 2.94-3.09 (1H. m), 3.15 (1H. s), 3.57 (2H, s). 3.65-3.80 (1H. m). 6.30 (1H. b(d, J= 8.4H2). 6.97 (1H, 
bfd. J=5-3Hz), 7.17 (1H, brs), 7.21-7.37 (3H. m), 7.58 (2H, brd, J=7.1H2), 8.39 (1H. d. J= 5.3Hz) 

Example ? 

25 

N.fi-rfi^hvl-2-DvridvlmethvllDiperidi n-4-vn-2K:vciooentvl-2-hvdroxv*2-phenvlaceta^^ 

Structura I formula 

30 



35 




40 

To a solution of 22 mg of 6-ethyl-2-pyridinemethanol In 3 ml of elhyl acetate, 0.1 ml of triethylamine arxl 50 m* <rf 
chloromethanesulfonic acid were added at room temperature, followed by 30 minutes' stirring at the same tenrperature. 
Saturated aqueous sodium hydrogencarbonate solution was added to the reaction nixture, follawed by an hour's stir- 

45 ring. The organic layer was separated and the aqueous layer was extracted with ethyl acetate The extract was com- 
bined with the organic layer, washed with saturated saline solution, dried over anhydrous magnesium sulfate and 
removed of the solvent by reduced pressure distillation. The residue was dissolved in 3 mi of N.N-dimethyHormamide. 
and to the solution 32 mg of N-(piperidin-4-yl)-2-cyciopentyi-2-hydroxy-2-phenylacetamide as obtained in Step (2) of 
Exanrple 2, 12 mg of sodium bromide and 85 mg of potassium carbonate were added, followed by 4 hours' stirring at 

50 room temperature. The reaction mixture was poured into water and extracted with diethyl ether. The extract was 
sequentially washed with water and saturated saline solution, dried over anhydrous magnesium sutfate and removed of 
the solvertt by reduced pressure distillation. The residue was purtfied by preparative thin layer chromatography 
[Kiesrf6fel™*eOF2^, Art 5744 (WerA): Cttordfenn/methanol = 12/1] to give 14.5 mg df Ihe'tifltf compourxj as-ff wtiite - 
solid. 

55 

FAB-MS (m/e. (CaeHasNaOz+H)*): 422 

iH-NMR(CDa3) 6: 1.15-1.34 (1H, m), 1.29 (3H, t J=7.5Hz). 1.38-1.92 (11H. m). 2.17-2.30 (2H, m), 2.70-2.89 (2H. 
m), 2.81 (2H, q, J=7.5H2), 2.97-3.22 (2H, m). 3.63 (2H, s). 3.67-3.81 (1H, m). 6.35 (1H, brd, J»7.7Hz). 7.04 (1H. d. 
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J=7.3Hz). 7.21 (1H. d. J=7.9Hz). 7.24-7.40 (3H. m). 7.53-7.65 (3H. m) 



Exannole 4 



5 



N-ri-(6-amino-2-Dvrklvlmethvl) pi peridin-4-vn- 2-cvclonentvl-2-hvdroxv-2-phenvlacete 



Structura I formula 



10 




NHz 



•2HC1 



15 



SO 



(^) Synthesis of N-p-f6-ethoxvcart)onvl-2-Dvridvlmethvi^DiDQrkjin -4-vn-2-^^^ 

Using 94 mg of 6-fomr!yl-2-picolinic add ethyl ester as the starting material by a method similar to Step (3) of Exam- 
ple 2, 191 mg of ttie title connpound was obtained as a white solid. 

25 

(2) SyoibssiSL2UHH&:^^ 
ride 

To a solution of 40 mg of N-[1-(6-ethoxycart)oriyl-2-pyridylmethyl)piperidn-4-yn-2-cycl^ 
30 lacetamide in 1 ml of methanol. 0.5 ml of 1 N sodium hydroxide solution was added at room temperature, followed by 15 
hours' stirring at the same temperature The reaction mixture was made weakly acidic with IN hydrochloric acid and 
concentrated under reduced pressure. The residue was dissolved in ethanol. and the insoluble matter was removed by 
filtration. The filtrate was concentrated under reduced pressure. The residue was purified by reverse phase ODS col- 
umn chromatography (acetonitrile^ter = 2/1) to provide 27 mg of an oily substance. The product was dissolved in 1 
35 ml of t-butanol . After addition of 20 mg of diphenylphosphayl aside and 27 pi of triethylamine. the solution was ref luxed 
for 18 hours. The solvent was distilled off, and the residue was purified by preparative thin layer chromatography 
[Kieselgel™ 6OF254. Art 5744 (Merck), chlorofomVmethanol = 1 0/1 ] to give 1 4 mg of an oily substance. The product was 
dissolved in 0.5 ml of methanol, and to which 4N hydrogen chloride/dtoxane was added at room temperature, followed 
by an overnight stining. The reaction mixture was solidified by drying under reduced pressure to give 13 mg of the title 
40 compound as a white solid. 

FAB-MS (m/e. (C29H4oN404+H)^: 509 

^H-NMR(CDa3) 6: 1.15-1,70 (19H, m). 1.79-1.90 (3H, m). 2.10-2.19 (2H, m), 2.68-2.78 (2H. m). 2.96-3.15 (2H, m), 
3.47 (2H. s). 3.65-3.76 (1H, m). 6.33 (1H. d. J=8.2Hz), 6.97 (1H. d, J«7.6Hz). 7.23-7.36 (3H. m). 7.57-7.62 (3H, m), 
45 7.78(1H,d, J=8.3Hz) 



50 



55 
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N-p-(4-amino-2H3vridvlmftthyl)piperdin-4-vn-2K:vclopentvl-2-hvdroxv-2-phen^^ dihvdrochloride 



Structura I f ormu I a 



w 




• 2HC1 



15 



Using ethyl 2-formyt-4-pjcoiinate as the starting material, a method similar to Example 4 was practiced to give 21 
20 mg of the title cortipourxl as an yellow solid. 

^H.NMR(CDa3) 5: 1.20-1.75(1 OH. m), 1.78-1.88 (1H. m), 2.10-2.25 (2H. m), 2.75-2.88 (2H. m). 3.01-3.13 (1H, m), 
3.43 (2H. 5)3.54-3.67 (2H. m). 6.45 (1H. dd. J=2.3.5.9H2). 6.65 (1H, d. J«2.3H2). 7.20 (1 H. t J«7.5Hz). 729 {2H, 
1. J=:7.5Hz). 7.60 (2H, d. J= 7.5H2). 7.88 (1 H. d. J=5.9Hz) 

25 

Nil •{2-thienyimethyl)piperidin'4-Yn-2-cycl«>entYl'2-h^ 

30 

Structural formula 



35 




40 



To a solution otf 17 mg of 2-thiophenemethanol in 2 ml of chloroform. 4 drops of thionyl cWoride were added, and 
45 stin-ed for 1 hour at room temperature. The solvent was distilled off and the residue was processed by a method simitar 
to Example 3, to give 1 7 mg of the title compound as a colorless oily sutastanca 

1H-NMR(CDCI3) 8: 1.13-1.74 (10H. m), 1.75-1.88 (2H, m). 2.0S-2.18 {2K m). 2.72-2.82 (2H. m). 2.94-3.07 {1H. m). 
3.61-3.76 (1H. m)3.68 (2H, s). 6.29 (IH. brd, J=7.6Hz), 6.87 (1 H, d, Jo4.2Hz), 6.92 (IH. t J=4.2H2). 7.21 (1H, d, 
so J=4.2Hz). 7.24-7.29 (IH. m), 7.34 (2H, t. Jo7.1Hz). 758 (2H. d, J=7.1Hz) 



55 
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Example 7 

N-(1W4-hvdfoxvmethvl-2-Dvridvlme<h\^)piD6ridin-4-vn'2-cvclooentvUg.h>^ Synthesis of N- 

[1W4-ethQxvca rbonvl-2-ovridvlmethvhDiperidrn-4-vn-2-cvdoDentyl-2-hvriroxv-2-oh6 acid 



Structura I f ormu I a 



10 



15 




20 i^) Synthesis of N41-f4^hoxvcart)onvl-2-Pvridvtmemvi^DiDerkiln'4 -vn-2-cvcloDerrt^ acid 

Using 142 mg of 2-fomiyl-4-picolinic add ethyl ester as the starting nnaterial and processing the same by a method 
simitar to Step (3) of Example 2. 198 mg of the title compound was obtained as a colorless oily substance. 

25 (2) Synthesis of N-f 1 -f 4-hvdroxvmethvj-2'Ovridvlmethvhpiperidin-4'vn-2-cvdonentv1-2-hvdroyy-2-ph 

To a solution of 92 mg of N-[1-(4-ethoxycart)onyl-2-pyridylmethyOpiperidn-4-yQ-2-cyclopentyl-24iydroxy-^^ 
lacetamide in 2 ml of tetrahydrof uran. 1 5 mg of aluminium lithium hydride was added at C'C. followed by 2 hours' stirring 
at room temperature. To the reaction mixture 30 pi of 3N sodium hydroxide solution and anhydrous sodium sulfate were 
30 added, and the mixture was filtered with cetite. Distilling the solvent off under reduced pressure, the residue was purified 
by preparative thin layer chromatography [Kieselgel^ 6OF254, Art 5744 (Merck), chloroform/methanol = 10/1] to give 36 
mg of the title compound as a color less oily substance. 

iH-NMR(CDCl3) 6: 1.10-2.28 {12H, m), 2.68-2.80 (2H. m). 2.95-3.08 (1H. m). 3.11-3.25 (1H. m), 3.60 (2H. s). 4.71 
35 (2H. s). 6.38 |1H. d, J=8.2H2). 7.21-7.40 (4H. m). 7.59 (2H. d, J«8.4H2), 8.47 (1H. d. J=4.9Hz) 

Example 8 

N-[i-f6-methQxv-2-Dwidvlmethvt)piDeridin-4-vl1-2-cvclODentvt-2-hvdroxv-2-phenWac^^ 




55 Using as the starting material 13 mg of 6-methQxy-2-pyridinecait>aldehyde which had been synthesized following 
the method of D. L Comins. et at. (J. Q£fl. Chem . Vol. 55. pp. 69-73 (1 990)] in a method similar to Step (3) of Example 
2, 37 nr)g of the title oonrpound was obtained as a colorless oily substance. 
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FAB-MS (m/e. (C25H33N3O3+H)*): 424 

^H-NMR(CDCl3) 6: 1.10-1.75 (10H, m). 1.75-1.90 (2H. m), 2.15-2.30 (2H. m). 2.75-2.86 (2H. m). 2.95-3.08 (1H. m). 
3.12 (1H. s). 3.55 (2K s), 3.65-3.80 (1H, m). 3.90 (3H, s), 6.31 (1H. d. J=7.9Hz). 6.59 {1H. d. J«8.2Hz), 6.93 (1H. 
d. J=7.2Hz). 7.22-7.38 (3H. m), 7.51 (1H. dd. J=7.2. 8.2H2). 7.56-7.62 (2H. m) 

N-fV(4-methoxv-2-Dvridvlmethvlterperidi n.4-vl}-2.cvclooentvl-2-hvdroxv-2-ohenvt^^ 

10 

Structura I f ormu I a 




20 



Using 21 mg of 4-methcwy-2-pyridinemethanol as a starting niaterlal in a method similar to Example 6. 13 mg of 
25 ttie title corrpound was obtained as a colorless oily substance. 

FAB-MS (m/e. (CasHsal^Og+H)*): 424 

^H-NMRtCDQa) 6: 1 .10-1.75 (10H. m). 1.75-1 .90 (2H. m). 2.12-2.28 (2K m), 2.66-2.82 (2H. m). 2.93-3.09 {1H, m). 
3.19 (1H, bfS). 3.58 (2H. s). 3.65-3.80 (1H. m). 3.84 (3H, s). 6.34 (1H, d, J=7.9H2), 6.69 (1H. dd. J=2.5. 5.8Hz), 
30 6.93 (1H, d. J=2.5Hz). 7.22-7.38 (3H, m). 7.56-7.62 (2H, m). 8.35 (1 H, d, J=5.8Hz) 

N-[1-f6-chloro-2-ovridvlmethyl)piperidi n-4-N^-2-cvclopentvl-2-hN^ro^ 

35 

Structure I f ormu I a 



40 



45 




CI 



SO Using 19 mg of 6-chloro-2-pyridinemethanol as a starting material in a method similar to Exarrple 6. 14 mg of the 
title compound was obtained as a white solid. 

FAB-WStmfe:tCi4H5oCn^O^H)T*28 

^H-NMR(CDCl3) 6: 1.12-1.75(10H. m). 1.75-1.91 (2H. m). 2.14-2.30 (2K m). 2.67-2.80 {2K m). 2.94-3.10 (1H. m). 
55 3.09 (1H. s). 3.60 (2H. s). 3.64-3.80 (1H, m). 6.33 (1H. d. J=8.2Hz). 7.19 (1H. d. J»7.8Hz). 7.22-7.40 (4H. m), 7.56- 
7.64 (3H. m) 
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Example 1 1 

N-ri-(4H:hloro-2-DvridvlmethvnptDerkjin-4-vn-2K:vclopentvj-2-hvdro 

Structura I f ormu I a 



10 




Using 20 mg of 4-chloro-2-pyridinecart)aldehyde as the starting material in a method similar to Step (3) of Example 
20 2, 23 mg of the title oompound was obtained as a white solid. 

FAB-MS (m/e. (C24H30CIN3O2+N)*): 428 

^H.NMR(CDCl3) 5: 1.10-1,76 (10H, m), 1.76-1.91 (2H, m). 2.14-2.28 (2H. m), 2.65-2,82 {2H. m), 2.96-3.12 (2K m), 
3 60 (2H. s). 3.65-3.80 (1H. m). 6.33 (1H. d. J=8-5Hz). 7.17 (1H. dd, J=2.1. 5.3Hz). 7.22-7.38 (3K m). 7.43 (1H. d, 
25 J=2 IH2). 7.56-7.64 (2H, m), 8.43 (1H, d. J=5.3H2) 

Examp le 12 

N-fi-f2<iuinoivlmethYnpiperidin-4-vn-2-c vdopentvl-2>hvdroxv-2-phenvlacetamide 



Structural formula 



35 



40 




45 Using 19 mg of 2-quinolinecart)aldehyde as the starting material in a method similar to Step (3) of Example 2, 37 
mg of the title compound was obtained as a white solid. 

FAB-MS (m/e, (CasHaaNgOe+N)*): 444 

iH-NMR(CD.Cl3) 5: 1.13-1.30 (1H. m), 1.48-1.75 (9H, m). 1.77-1.90 {2H, m). 2.20-2.32 (2H, m), 2.70-2.82 (2H, m). 
so 2.95-3.09 (1H, m). 3.13 (1H. s). 3.66-3.82 (3H, m). 6.33 (1H. d. J=8.0H2), 7.22-7.38 (3H. m). 7.51 (1H. dd, J«1 .1, 
8.1Hz). 7-56-7.62 (3K m), 7.69 (1H. dd. J= 1.1, 8.1Hz), 7.79 (1H. d. J=8.1Hz), 8.06 (1H, d. J= 8.1Hz). 8.11 (1H. d. 
J=8.1 Hz) 
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N-[1-f5-memvl-2-furvlmethvl)DiDeridin-4-vn-2-cvclQDerrtvl-2-hvdro xv-2H3^ 



Structura I formula 



10 




IS 



Using 11 mg of 5-methyt-2-furancarbaldehyde as the starting material in a method similar to Step (3) of Example 
20 2, 1 8 mg of the title compound was obtained as a white solid. 

FAB-MS (m/e, {C24H32N2O3+N)*): 397 

^H-NMRCCDCy 6: 1,12-1.75 (12H. m). 2.02-2.16 (2H, m), 2.26 (3H, s), 2.70-2.82 (2H, m). 2.94-3.08 (1H. m). 3.11 
(1H. s). 3.43 (2H. s). 3.60-3.75 (IK m), 5.85-5.90 (1H. m). 6.04 (1H, d. J=3.0H2), 6.28 (1H, d. J=8.3Hz). 7.22-7.38 
25 (3H. m). 7.55-7.62 {2H. 13m) 

Industrial applicabllttv 

The substituted heteroaromatic ring derivatives of the present invention exhibit selective M3 muscarinic receptor 
30 antagonism. Hence, they are useful as therapeutic or prophylactic agents which are safe and efficacious with little side 
effects, for respiratory diseases such as asthma, chronic airway obstruction and pulmonary fibrosis, etc.; urinary dis- 
eases which induce such ixination disorders as pollakiurea. urgency and urinary incontinence; and gastrointestinal dis- 
eases such as irritable bowel syndrome, spasm of gastrointestinal tract and gastrointestinal hyperkinesis. 

35 Claims 

1 . Substituted heteroaromatic ring derivatives which are represented by a general formula [I] below: 




[in the formula. and may be same or different and each signifies hydrogen, halogen or lower alkyi; 
so signifies C3-C6 cycloalkyi or cydoalkenyl; R^ signifies a heteroaromatic ring group which may t>e condensed with 
a benzene ring and which has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur 
atoms (said heteroaromatic ring group being optionally substituted with lower alkyI, halogen, lower alkoxy, amino or 
nydrt ft yiTtt t ltyfjr and X stancte for 0 of^THT 
or their phanmaceutically acceptable salts. 

55 

2. Compounds as described in Claim 1 , in which and R^ are hydrogen; R^ is C3-C6 cycfoalkyt; and X is NH: or their 
phanTBceutically acceptable salts. 
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3. Compounds as described in Claim 1 . in which and are hydrogen; R^ is C3-C6 cycloalkyi; R* is pyridyl group 
which is optionally substituted with a lower alkyi, halogen, lower alkoxy, amino or hydroxymethyl; and X is NH: or 
their pharmaceutically acceptable salts. 

5 4. Compounds as described in Claim 1 , in which R^ and R^ are hydrogen; R^ is C3-C6 cycloalkyi, R'* is a group rep- 
resented by a general formula [II] below: 




15 [in the formula, R^ signifies lower atkyl. halogen, lower alkoxy or amino] 

and X Is NH: or their pharmaceutically acceptable satis. 

5. A therapeutic or prophylactic agent for diseases of the respiratory, urinary and gastrointestinal systems, which con- 
tains a substituted heteroaromatic ring derivative as described in any of Claims 1 to 4 or a pharmaceutically accept- 
20 able salt thereof as an active ingredient. 

€. A therapeutic or prophylactic agent for asthma, chronic ainway obstruction, pulmonary fibrosis, urination disorders, 
irritable bowel syndromes, spasm of gastrointestinal tract and gastrointestinal hyperkinesis, which contains a sub- 
stituted h^eroaromatic ring derivative as described In any of Claims 1 to 4 or a phamnaceutically acceptable salt 
25 thereof as an active Ingredient 

7. A process for preparing the compounds as described in Claim 1. which are represented by a general formula [I] 
below 



35 




40 [m the formula. R"* . R^. R®. R^ arxJ X are as defined below], 

said process comprising reacting a cart)oxyltc acid of a general formula [111] below 



r2 



45 




[in the formula. R^ and R^ niay be same or different and each signifies hydrogen, halogen or lower alkyl; R^ 
sigrrtfies C3-CI cyd6alk/\>r cydoalkenyl; and signifies hydro^n ora protective group of t<i«Jrflxyir ' 
or its reactive derivative, with a conrpound of a general formula [IV], 

55 
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HX-(^NCH2R*° [IV] 



[in which signifies a heteroaronnatic ring group which may be condensed with a benzene ring and which 
has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic 
w ring group being optionally substituted with lower alkyi, lower alkoxy. amino, protected amino, hydroxymethyl, pro- 
tected hydroxymethyl. lower alkoxycarbonyl or aryloxycarbonyl); and X stands for O or NH] 
or a salt thereof, and if necessary effecting deprotection and/or reduction of the lower alkoxycartwnyl or aralkyloxy- 
cartx)nyl group to hydroxymethyl or conversion to amino. 

15 8- A process for preparing the compounds represented by the general formula [I] as described in Claim 1 , which com- 
prises reacting a conrpound of a general formula [HQ below, 



20 

pi 0 — [— cooH [m] 

25 

On the formula and R^ may be same or different and each signifies hydrogen, halogen or lower alkyt; 
signifies C3-C6 cycloalkyi or cydoalkertyl; and signifies hydrogen or a protective group of hydroxy!] 
30 or it's reactive derivative, with a compound of a general formula [V], 




35 



fin which X stands for O or NH; and P signHies a protective group of imino] 
or a salt thereof to form a compound of a general formula [Vq, 

40 



45 




[VI] 



so 

pn which H\ R^, R^, X. P and P^ have the previously given significations]: 
removing the protective group of imino group in said compound and either alkylating the compound, in the pres- 
ence d a base; with compound of a general fornuila [VII] ^ 

55 R^CHsL IVIin 

fin which R^ signifies a heteroaromatic ring group which may be condensed with a benzene ring and which 
has 1 or 2 hetero atoms selected from a group consisting of nitrogen, oxygen and sulfur atoms (said heteroaromatic 
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ring group being optionally substituted with lower alkyi, lower alkoxy, amino, protected amino, hydroxy methyl, pro- 
tected hydroxymethyl. lower alkoxycarbonyl or aryloxycartonyl); X signifies O or NH; and L signifies a leaving 
group] 

Of reductively alkylating the compound using a compound of a general formula (IX]. 

R^^CHO [1X1 

frn which R"*** has the previously given significationj 
and if necessary effecting deprotection and/or reduction of the lower alkoxycarbonyl or aryloxycarbonyl to 
hydroxymethyl or conversion to amino. 



0863141 A1_l_> 
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